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In the scenario of DiffusiOptoPhysiology (DOP), the electrical potential V is set to be constant within the simulation space. Equation (3) is thus further simplifiedd (equation (4)), where the motion of ions are only driven by passive diffusion, chemical reactions and fluidic flows 
The electrostatic potential in a standard PNPS model is governed by Poisson's equation, which is described in equation (11)
However, during DiffusiOptoPhysiology (DOP), the electrical potential V is constant within the simulation space, the equation is thus simplified as equation (12)
To introduce an osmotic flow across the semi-permeable membrane, a new boundary condition was set on different sides of the membrane by following
, where is the dimensionless van't Hoff index that addresses the number of dissociated ions from each solute molecule, is the molar concentration of the solute, is the ideal gas constant, and is the temperature in Kelvins. Here, the positive direction of the osmotic pressure is defined to be from cis to trans. The osmotic flux is defined as (Supplementary fig. S1 ). The two hemispheres, which represents the cis and the trans side respectively, are connected by a cylindrical nanopore on the membrane, where free passage of liquid and ions are both permitted.
When illuminated in TIRF mode, the excitation intensity decays exponentially in z-direction. To simulate the fluorescence intensity in a projected x-y plane, equation (14) is used, where γ is the decay constant of the evanescent wave in the z direction
While the total fluorescence intensity is estimated according to equation (15) = ∬ (x, y) (15)
Section S2. 2D Gaussian fitting
During DOP recording, the fluorescence intensity profile, which appear as a bright spot, were fit to a 2D Gaussian distribution according to equation ( This function allows position localization for a tracked spot with sub-pixel resolution.
The full width half magnitude (FWHM) of the 2D Gaussian function describes its width at half height and can be used to evaluate the spot size. Here the cftool module in MATLAB is used to perform 2D Gaussian fitting (Supplementary fig. S5 ). The FWHM were derived from equation (17) = 2√2 2
We defined the pixels within the circle with a diameter of 2 FWHM as the signal, the pixels in the circular ring, between the circles with the diameter of 3 FWHM and 4 FWHM, as background (Supplementary fig. S5 ).
Section S3. SBR evaluation
The SBR value was introduced to quantitatively evaluate the performance of DOP recording from different trials. The SBR value is calculated as
Here , 
